Introduction
Monogeneans belonging to the Diplozoidae are common parasites on the gills of cyprinid fish. The life cycle is direct, including freeswimming oncomiracidia, larval stage (diporpa) and adult. Two larvae (diporpae) permanently fuse into a pair to form the sexually maturated adult. In the adult, the vitellaria and almost all the internal organs are situated in the anterior part of the body. The female and male reproductive organs and terminal part of the gut are situated in the posterior part. The attachment apparatus of adults consist of four pairs of clamps and a pair of small central hooks situated on the ventral side of the opisthaptor. Due to the complicated determination of several groups of monogenean parasites, molecular markers based on species-specific variability in the ribosomal DNA region (rDNA) their cytogenetics have been designed and shown to be useful for precise species identification [1] [2] [3] [4] [5] . The interspecific nucleic acid variability of Internal Transcribed Spacers of rDNA (ITS) has also been used to distinguish diplozoid parasites [6] [7] [8] [9] [10] [11] .
From the available data, it has been concluded that morphological and metrical differences in the clamp size, pharynx size, prohaptoral length, opisthohaptoral length, sucker distance, testis, ovary and egg size were the major criteria for species determination. Species deterimination of trematodes is difficult and demands great skill and experience. As the structures of taxonomic importance (central hooks, clamps etc.,) grow gradually and the measurements of sclerotized structures are variable, species determination of trematodes in different developmental stages is not always clear. There are still some unclear descriptions of trematode species that differ only by host species, and some studies that did not employ recommended criteria [12, 13] . Molecular biology techniques have been used as objective methods to distinguish between parasite species. The rDNA genes, particularly the 28S gene, have been found generally useful in molecular taxonomy and phylogeny of parasites [14] [15] [16] . However, there are no published molecular studies of trematode genomes from the Kashmir valley. The present study reports the results of molecular analysis of the Internal Transcribed Spacer (ITS) of ribosomal DNA of 3 Monogenean species namely Diplozoon kashmirensis Kaw, Diplozoon aegyptensis Fischthal et Kuntz, Diplozoon guptai [17] using Polymerase Chain Reaction (PCR), nucleotide sequencing and construction of phylogenetic from different fish hosts of the Kashmir valley.
Materials and Methods

Parasite material
Parasite specimens of Diplozoon spp. were collected from the Carassius carassius; Cyprinus carpio communis; C. c. specularis; Schizothorax niger; S. esocinus; S. curvifrons and S. plagiostomus of Kashmir and were used for DNA extraction. Samples were immediately fixed in 70% alcohol after collecting from the gills, gill cover, mouth cavity, eyes & fins of host fish. These samples were remained in alcohol until the present study.
DNA isolation
Parasite specimens of three Diplozoon species were collected from fish hosts of Carassius carassius; Cyprinus carpio communis; Schizothorax curvifrons; Schizothorax esocinus; Schizothorax niger and Schizothorax plagiostomus from Wular lake, Anchar lake, Dal lake, Manasbal lake, River Jhelum and River Sindh of Kashmir valley preserved in 100% ethanol for genomic DNA extraction and stored at-20 0 C for good quality of DNA. For DNA extraction ethanol was removed from parasites as per the protocol given by [18] and as such, these specimens were air dried to remove ethanol. The resultant DNA was examined on 1.5% agrose-TAE gels, stained with ethidium bromide (EtBr) and visualized under UV light.
Results
Morphological characterization
The present specimens having rectangular opisthaptor with four pairs of clamps and two individuals in form of a cross belongs to genus Diplozoon Nordmann, 1832. When compared D. kashmirensis with D. aegyptensis, they showed similarity in comparative size of clamps, size of eggs, form of oral suckers but differs in the proportion of body length to its breadth, shape of ovary, shape and position of testis. D. kashmirensis resembles D. guptai in egg size, absences of sticky glands in the anterior part, position of testis with respect to ovary, extent of vitellaria and in the arrangement of intestine in hind portion of the worm but shows strong variations as regards total body length, size ratios, clamp size, the shape & size of testis and also prepharynx size. The variations of the three species can be regarded as intraspecific variations due to geographical isolation and are not sufficient for the creation of new species and thus the present specimens are described as D. kashmirensis Kaw, 1950 ; D. aegyptensis Fischthal et Kuntz, 1963 and D. guptai [17] [18] [19] [20] [21] [22] [23] [24] (Table 1) .
PCR amplification
The PCR amplified products of ITS regions of rDNA were successfully obtained using the primers (Table 2) . PCR amplification was carried out to amplify ITS region of Diplozoon species (Table 3) . The size of the amplified product was found to be 873bp long for D. kashmirensis; 1120bp long in D. aegyptensis and 687bp long in case of D. guptai (Figure 1 ). In BLAST search of these sequences, they showed similarity with other Diplozoon spp. (Table 3 ). In bioinformatics analysis, the results tallied with those of the earlier study; hence, the same are not repeated here in. Based on morphological studies, these species were identified as belonging to three Diplozoon species. The present results of the molecular analysis corroborate the species identification of these forms. Therefore, it can be assumed that the present species recovered from the different fish hosts of water bodies [24] .
[Reagents for PCR: Taq DNA polymerase 3 U/μl, dNTP mixture 100 mM, primers 20 pmols, 10 × TaqDNA Polymerase buffer (Genei), PCR water (Sterile milli-Q)].
Sequences deposited in GenBank
GenBank: AF973616; Diplozoon kashmirensis, complete sequence.
GenBank: AF973617; Diplozoon aegyptensis, complete sequence.
GenBank: AF973618; Diplozoon guptai, complete sequence.
The three monogenean species of Trematodes viz., Diplozoon kashmirensis Kaw, 1950; Diplozoon aegyptensis Fischthal et Kuntz, 1963 and Diplozoon guptai [17] which were recovered during the present study are used for molecular study for the first time.
Nucleotide sequences
PCR products were visualized and documented, and the sizes of the sequences were estimated. The sequence obtained from three different Diplozoon species were submitted to GenBank and their accession number acquired were AF973616; AF973617 and AF973618 (Table  4) . Sequences were compared with other sequences of monogenean species from GenBank. When the BLAST search was performed, the query sequence showed maximum similarity with 28S rDNA sequence of Diplozoon spp. The nucleotide sequences obtained and shown in (Figures 2-5 ) are as raw sequences (Table 5) .
Pairwise alignment
Pairwise alignments of Diplozoon species were made by using 
Construction of phylogenetic tree
Phylogenetic trees were obtained by comparing the 28S rDNA sequences of the query parasite and other available sequences for related monogenean parasites. The E value was found to be zero up to the 100 th sequence of BLAST search and the query coverage 95% and above. The species of D. kashmirensis and D. aegyptensis appeared to be the most closely related species, with well-supported clade by Neighbour joining and MP trees (Figures 6-8 ).
Above Table shows that Diplozoon kashmirensis having GenBank accession number AF973616 mostly resembles with Diplozoon bliccae with an accession number AF369761.1. Out of 867 base pairs of Diplozoon kashmirensis, 807bp match with that of Diplozoon bliccae i.e., 93.08% similarity with 15 gaps (1.73%).
From the Table 6 it is clear that Diplozoon aegyptensis having GenBank accession number AF973617 shows 94.13% similarity with Diplozoon paradoxum with an accession number AF369759.1. Out of 988 base pairs of Diplozoon aegyptensis, 930 bp match with that of Diplozoon paradoxum with 11 gaps (1.11%).
The present observation shows that Diplozoon guptai having GenBank accession number AF973618 shows 86.16% similarity with that of Diplozoon homoion having GeneBank accession mnumber AF369760.1 (Table 7) . 585 bp of Diplozoon guptai matches with Diplozoon homoion with 15 gaps, out of total 679 base pairs. 
Discussion
The rDNA second Internal Transcribed Spacer (ITS2) was amplified using primers Cer5.8S2249 and Cer28S3116 [7] for 3 species of diplozoids. Analysis of the ITS2 region following sequencing clearly allowed us discrimination at the species level and produced the same results as species identification made by using morphological structures. During the present study it was observed that the alignment of nucleotide sequences with those of other Diplozoon species of D. bliccae; D. paradoxum and D. homoion [2, 6, 7] , clearly revealed the boundaries of the 5.8S and 28S rDNA genes, as the sequences in these species closely resembles to those of D. kashmirensis, D. aegyptensis and Species discrimination of diplozoids based on the shape of clamp sclerites and the length of the central hook can be difficult because of similarities in the shape of certain sclerites and overlapping ranges of central hook measurements. The PCR product of 3 species of diplozoids: D. kashmirensis; D. aegyptensis and D. guptai were clearly discriminated on the basis of nucleotide sequences which were different in their length of base pairs. The length of the PCR product could be useful to distinguish Diplozoids from the genus Eu Diplozoon and Para Diplozoon from other Diplozoids [2, 6] . Length differences in the ITS2 have also been recorded in the genus Gyrodactylus [2, 6] but are not generally as large as those found in the ITS1 region of Lamellodiscus and Gyrodactylus [2, 6, 19, 20] . During the present study there are length difference of PCR products of three Diplozoon species i.e., D. kashmirensis contains 873bp; D. aegyptensis contains 1120bp and D. guptai contains 687bp of 28S rDNA genes, so on the basis of length of base pairs the three diplozoid species can be discriminated. ITS region have been found to be useful species markers for monogenean parasites [1, [2] [3] [4] [5] [6] so, this method was performed to distinguish the diplozoid species. During the present study, the intraspecific variations within diplozoid species were studied and differences were detected in the ITS regions, but [2, 6] studied that ITS region lacks intraspecific variation in groups of Monogenea which is due to the same species recovered from different hosts.
Diplozoids are generally considered parasites of Cyprinid species but the host specificity differs and relates to geographical origin. In Eurasia, diplozoid occurrence is restricted to host fishes from the Cyprinidae and Perciformes families [2, 6, 8, 10, 21, 22] . However, in Africa they also parasitize members of the Characidae [20, 22] . All diplozoid species described in the present study are also host specific. guptai are closely related species, and this mirrors the close relationship of their hosts, thus all of these species are found in cyprinids from the same genus Schizothorax. These species have been described morphologically based on clamp shape, total body length, sucker, and pharynx length [17, 24] . The present observations on molecular characterization demonstrate sufficient genetic variations between parasites from different hosts to confirm the validity of these species and that they appear to be host specific, as are many monogenean parasites. It may be speculated that the similarity of these species is a result of a relatively recent divergence of one from the other following a host-switching event. An important observation during the present study has been noticed that Schizothorax niger is infected by all the three species of Diplozoidae: D. kashmirensis; D. aegyptensis and D. guptai, but on all six fishes collected, simultaneous parasitism by all the parasite species was never observed. Two types of factors can be involved in the constitution of such a host-parasite system. 
Conclusion
The present study has confirmed the existence of 3 species of diplozoids from 6 species of cyprinid fishes from the water bodies of Kashmir valley. All the species were clearly distinguished by differences in nucleic acid sequences within the second ribosomal DNA Internal Transcribed Spacer region (ITS2). Analysis of additional specimens from different cyprinid hosts by molecular methods may be helpful to clarify the systematics of this fascinating family Diplozoidae.
